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Myf-5, a member of the family of four muscle-speci®c basic helix±loop±helix (bHLH) transcription factors is the ®rst to
be expressed in somites, branchial arches, and limb buds during prenatal mouse development. However, little is known
about control mechanisms which actually regulate Myf-5 gene activity within these various muscle-forming domains. To
identify control regions that contribute to the correct spatiotemporal activity pattern of the Myf-5 gene during mouse
embryogenesis, here we report the characterization of yeast arti®cial chromosomes (YACs) which faithfully direct muscle-
speci®c expression of the gene in chimeric mouse embryos. Forty-®ve kilobases of sequence 5* to the Myf-5 gene together
with 500 kb of 3* ¯anking DNA drives the correct Myf-5 expression in the mesenchyme of the visceral arches and in
somites but not in the hypaxial muscles of limb buds. An additional 50 kb of DNA at the 5* end is required to activate
Myf-5 gene expression in developing limbs. These results demonstrate for the ®rst time that unexpectedly distant regions
of the Myf-5 gene are necessary to recapitulate its precise developmental expression pattern. We also show that Myf-5
expression in hypaxial muscles and in somites and visceral arches is regulated by separate and distinct far upstream regions.
The identi®cation of these remote regulatory elements on YACs carrying the mouse Myf-5 gene constitutes the ®rst
important step toward further dissection of the complex mechanisms by which cell-autonomous and external cues control
Myf-5 expression during skeletal muscle formation in the mouse embryo. q 1997 Academic Press
Key Words: Myf-5 transcription; myogenesis; yeast arti®cial chromosomes; gene control.
INTRODUCTION age of Myf-5 and Myf-6 genes raises the interesting question
of how their regulatory elements are organized and utilized
Skeletal myogenesis in vertebrates is controlled by a fam- because both genes exert highly disparate developmental
ily of four muscle-speci®c basic helix±loop±helix (bHLH) regulation but common cell type speci®city. While Myf-5
transcription factors referred to as Myf-5, myogenin, MyoD, transcripts appear ®rst in all muscle-forming regions before
and MRF4/herculin/Myf-6 (reviewed by Weintraub, 1993; RNA of any other MyoD family member, Myf-6 (MRF4)
Arnold and Braun, 1996; Yun and Wold, 1996; Molkentin transcripts accumulate predominantly in late fetal and post-
and Olson, 1996). These genes follow a distinct temporal natal muscle when the other family members become
expression pattern and are transcribed only in skeletal mus- downregulated to various extents (Ott et al., 1991). Notably,
cle cells (reviewed by Buckingham, 1992). In humans and however, MRF4 is also expressed for a short period in early
mice the Myf-5 and Myf-6 (MRF4) genes are clustered on somites (Bober et al., 1991).
the same chromosome 6 to 8.5 kb apart in the same tran- Targeted inactivations of each of the four genes and com-
scriptional orientation, whereas the myogenin and the binations thereof in mice have demonstrated the pivotal
MyoD genes reside on different chromosomes (Braun et al., role of Myf-5 and MyoD in establishing skeletal muscle cell
1989, 1992; Miner and Wold, 1990). The close physical link- lineages in the embryo (Braun et al., 1992; Braun and Ar-
nold, 1995; Rudnicki et al., 1992, 1993), and the importance
of myogenin and presumably MRF4 for terminal differentia-1 To whom correspondence should be addressed. Fax: 49 531 391
8178. E-mail: arnold@alpha.bio.nat.tu-bs.de. tion of myoblasts to myotubes and possibly for later matura-
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tion events (Hasty et al., 1993; Nabeshima et al., 1993; MATERIALS AND METHODS
Venuti et al., 1995). These functions are in accordance with
the expression of Myf-5 and MyoD in myoblasts prior to
Isolation of Mouse Myf-5 YAC Clonesovert differentiation and the activation of the myogenin
and MRF4 genes in early and late differentiated myocytes, The murine YAC library No. 902/903 constructed by Larin et
respectively (Braun et al., 1989; Emerson, 1990). Recent evi- al. (1991) was screened using mouse Myf-5 cDNA as hybridization
dence suggests that muscle development in the paraxial probe. Of three positive YACs ranging in size from 680 to 850 kb,
mesoderm and the myotomal expression of myogenic bHLH the clone ICRFy 903B 1022 carrying 680 kb of mouse DNA was
further characterized. Yeast transformation and isolation of YACtranscription factors in somites is controlled by signals ema-
DNA was performed according to standard methods (Ausubel etnating from the adjacent tissues, in particular from neural
al., 1989). Pulsed-®eld gel electrophoresis (PFGE) was carried outtube and notochord, surface ectoderm, and lateral plate
as described by Birren and Lai (1993). Colinearity of YAC DNA andmesoderm (Rong et al., 1992; Bober et al., 1994; MuÈ n-
genomic mouse DNA was con®rmed by PFGE blots hybridized
sterberg et al., 1995; Pourquie et al., 1996). In contrast, hyp- with mouse Myf-5 cosmid DNA as described previously (Braun and
axial muscles in the limbs form independently of axial Arnold, 1995).
structures presumably under the control of different cues
(Chevallier et al., 1977; Christ et al., 1977; Rong et al.,
1992). In both cell lineages Myf-5 and MyoD seem to con-
Generation of YAC Deletion Mutants bytribute to early decisions toward myogenesis. However,
Homologous Recombination in Yeastnothing is known regarding how these various signals are
integrated to lead to MyoD and Myf-5 gene activation in Generation of B1-element-mediated YAC deletion mutants was
cells of epaxial and hypaxial muscle-forming regions. performed by homologous recombination in yeast. To map the Myf-
Regulatory elements directing tissue-speci®c and spatio- 5 locus within the YAC and to generate random truncations, the
following targeting vectors were constructed: Plasmid pINT-M5,temporal expression have been analyzed in detail for the
designed to delete sequences between the Myf-5 gene and themyogenin gene in tissue culture and transgenic mice and
noncentromeric YAC arm, was obtained by ligation of a 2.5-kbwere shown to depend on the presence of myogenic bHLH
fragment of the mouse MRF4/Myf-5 intergenic region into SmaI±and MEF2 transcription factors which bind to corresponding
SalI-digested plasmid pB1R, a pBCL8.1 derivative (Lewis et al.,sites in the proximal promoter region (Cheng et al., 1993;
1992) modi®ed with B1 elements described by Heard et al. (1994).
Yee and Rigby, 1993; Buchberger et al., 1994). Enhancers The 2.5-kb fragment came from a Myf-5 lambda clone as SalI±
necessary for high-level expression of the human and mu- HindIII fragment which was blunt-ended and the HindIII site con-
rine MyoD genes have also been described recently and verted to SalI. Yeast transformation was performed with SalI-lin-
earized plasmid pINT-M5 and colonies were selected for Trp/, Lys/,shown to direct correct somitic expression in transgenic
and Ura0 phenotype. Resulting YAC clones were analyzed for themice (Goldhamer et al., 1995; Tapscott et al., 1992). In con-
absence of the MRF4 gene and for insert size on PFGE blots withtrast, the critical elements required for faithful expression
the appropriate hybridization probes. To generate random trunca-of the Myf-5 and Myf-6 genes have not been identi®ed so far.
tions of the 680-kb YAC and to introduce the neomycin resistanceAnalysis of Myf-5/Myf-6 promoter constructs in transgenic
gene, the pgk-neo cassette was cloned into vectors pB1R and pB1F
mice using a 5.5-kb Myf-5 and a 6.5-kb Myf-6 promoter which contain a B1-repetitive DNA element (Heard et al., 1994).
fragment, respectively, detected expression of transgenes The resulting plasmids pB1R-neo and pB1F-neo were linearized
only in some muscles, but early expression in somites and with SalI for yeast transformation. Selection for homologous re-
limb buds was missing (Patapoutian et al., 1993). Similar combination was carried out for Trp/, Lys/, and Ura0 phenotype.
DNA of selected YAC clones was analyzed by PFGE and Southernattempts to recapitulate the correct embryonic Myf-5 ex-
blots and yielded M5-YAC-95 and M5-YAC-45 with 600 and 550pression pattern using the same 5.5-kb promoter fragment
kb, respectively. The nls-LacZ reporter gene was introduced in bothplus the complete Myf-5 gene body were also unsuccessful
YACs in-frame with the Myf-5 gene by homologous recombinationin our hands (unpublished results). From these observations
in yeast with the following vector: The SalI±ScaI fragment of the
and the notion that the almost entire intergenic sequence Myf-5 locus as described previously (Braun et al., 1992) was ligated
between the Myf-6 and Myf-5 genes was not suf®cient to into the SalI and SmaI sites of plasmid pPD 46.21 (Fire et al., 1990)
express the Myf-5 gene correctly, we suspected that addi- yielding plasmid pISR3. A 3* homology region was provided by the
tional, more distant regions may be required for its full 1.3-kb ScaI±BglII fragment from Myf-5 exon I. This fragment was
combined with the Ura3 gene in plasmid pYDp-U (Berben et al.,developmental control. Therefore, we resorted to yeast arti-
1991). The combined Myf-5 3* homology region±Ura3 fragment®cial chromosomes (YACs) which allow to test longer DNA
was excised, blunt-ended, and cloned into the blunt-ended NotIfragments spanning the complete gene locus. Here, we re-
site of pISR3. The resulting vector pISR±Ura±Myf-5 was digestedport that YACs carrying close to 600 kb of mouse DNA
with SalI±SacII prior to yeast transformation. Upon selection onrecapitulate the entire myogenic Myf-5 expression pattern
Trp0, Lys0, and Ura0 plates, successful recombinants were identi-
in chimeric mouse embryos. By random deletions in YACs ®ed on Southern blots of EcoRI-digested DNA with the 2.4-kb ScaI±
we also demonstrate that a far remote and distinct region EcoRI probe from the Myf-5 3* ¯anking region. This analysis yields
is necessary to speci®cally drive Myf-5 expression in the 12- and 7.5-kb fragments for wild-type and mutant DNA, respec-
tively.hypaxial muscles of the limbs.
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Transformation of ES Cells and Generation of YAC arm which contained the Lys2 gene in place of the
Ura3 gene, thus allowing selection of recombinants in yeastMouse Chimeras
(Fig. 1B). This procedure resulted in two truncated YACs,
Culture conditions for J1 ES cells were as described previously M5-YAC-95 and M5-YAC-45, which contained 95 and 45
(Braun et al., 1992). YACs were introduced into ES cells by proto-
kb of DNA 5* to the Myf-5 gene, respectively (Fig. 1C). Theplast fusion according to Davies et al. (1992). G418-resistant YES
in-frame Myf-5±nls-LacZ fusion fragment was introducedclones were selected and DNA was isolated and analyzed on South-
into these YACs by a second homologous recombinationern blots with the following probes: a 2.4-kb ScaI±EcoRI fragment
event utilizing the reversion of the uracil auxotrophy forrepresenting the 3* end of the Myf-5 gene; a 1.9-kb EcoRI±EcoRV
selection (Figs. 1B and 1C). In summary, we have generatedLacZ-encoding fragment derived from pPD46.21; a 0.8-kb PstI neo
fragment derived from plasmid pkJ-1. two G418 selectable YAC clones containing the nls-LacZ
YES clones were subjected to differentiation conditions in vitro reporter gene with either 45 or 95 kb of the 5* Myf-5-¯ank-
and the appearance of muscle cells was scored by antibody staining ing sequence and 500 kb downstream of the gene including
for myosin heavy chain expression using the monoclonal antibody the gene body itself.
MF20. Differentiated YES clones were also stained for LacZ gene
activity to test for Myf-5 gene activation. YES clones with Myf5-
LacZ expression in muscle cells were used to inject mouse C57/bl6 45 kb of 5* Upstream DNA Is Suf®cient to Direct
blastocysts as described previously (Braun et al., 1992). Chimeric Myf-5 Expression in Somites and Branchial Arches
embryos were stained for b-galactosidase activity and photographed of Chimeric Mouse Embryos
under a Wild M10 stereomicroscope. Vibratome sections were ob-
In order to analyze the expression pattern driven by M5-tained from stained embryos after embedding in gelatin±albumin.
Pictures were taken on a Leica microscope with Nomarski optics. YAC-45 and M5-YAC-95 in mouse embryos, ES cells were
fused with yeast protoplasts carrying the modi®ed YAC
clones. Upon neomycin selection numerous ES cell lines
were obtained which contained either M5-YAC-45 (YES-45)RESULTS
or M5-YAC-95 (YES-95). Both types of YES cells expressed
the Myf-5-LacZ reporter gene in differentiated muscle cellsIsolation of M5-YACs (Murine Myf-5 YAC) and
but not in undifferentiated ES cells (data not shown). Indi-Generation of Truncated Mutants
vidual YES-45 clones were injected into mouse blastocysts,
resulting in chimeric animals which expressed the LacZAttempts to identify control regions of the Myf-5 gene
on phage or cosmid isolates revealed only partially correct gene during embryogenesis. Representative embryos car-
rying YES-45 cells are shown in Fig. 2. At E8.5 LacZ activa-spatiotemporal expression patterns in mouse embryos, sug-
gesting that important regulatory elements may be located tion under Myf-5 gene control was observed in somites
shortly after their formation in the natural craniocaudalfar outside of the Myf-5 gene (Patapoutian et al., 1993; our
unpublished results). To advance our studies on the tran- developmental gradient. LacZ-positive cells could ®rst be
seen in the second pair of newly formed somites upon seg-scriptional regulation we isolated Myf-5 containing YAC
clones that span the entire locus. Three independent YACs mentation of the paraxial mesoderm (Fig. 2B). At E9.5 sig-
ni®cant LacZ expression occurred in branchial arch mesen-were obtained. One YAC clone which carried about 680 kb
of mouse DNA was further characterized for the present chyme which harbors the facial muscle precursor cells. In
addition, few scattered LacZ-positive cells were present instudy (Fig. 1). To map the Myf-5 gene and to determine its
orientation within the YAC, we made use of the fact that the head (Fig. 2C). During subsequent development (E12.5)
all myotomes, intercostal muscles, and muscles derivedthe MRF4 gene is located 8.5 kb upstream of Myf-5 in the
same transcriptional orientation. The targeting vector from branchial arches exhibited robust LacZ expression
(Fig. 2D). Signi®cantly, however, hypaxial muscles in thepINT-M5 was constructed with mouse DNA of the in-
tergenic region and the noncentromeric YAC arm, both limbs which express the endogenous Myf-5 gene at this
developmental stage (Ott et al., 1991) were conspicuouslyserving as target sequences for homologous recombination
in yeast. Upon transfection yeast clones were obtained devoid of LacZ-positive cells. Transverse sections through
stained embryos con®rmed that Myf-5-driven LacZ was ex-which carried YACs containing a deletion of 180 kb of DNA
including the MRF4 gene. This result allowed us to map pressed in myotomes, initially at the dorsomedial edge of
epithelialized somites and later expanding throughout thethe Myf-5 gene 180 kb downstream of the noncentromeric
YAC arm and 500 kb upstream of the YAC centromere (Fig. dorsoventral axis of the myotomes (Figs. 3A±3C). This pat-
tern was in perfect accordance with the spatiotemporal ex-1A). PFGE and hybridization with various MRF4 and Myf-
5 locus probes obtained from previously isolated cosmids pression sequence of the endogenous Myf-5 gene (Ott et al.,
1991; Tajbakshs et al., 1996). However, muscle cells in therevealed no detectable DNA rearrangements within the
YAC (data not shown). To randomly shorten the 180 kb limbs failed to express the reporter gene (Fig. 3B). Reporter
gene activity was also found in cephalic mesenchyme ofof 5* upstream sequence and to introduce the neomycin
resistance gene for selection in mouse cells, homologous the head (Fig. 3D) which has not been described as a domain
expressing the endogenous Myf-5 gene (Tajbakshs andrecombination was performed using a vector with mouse
B1 repetitive elements and the modi®ed noncentromeric Buckingham, 1995). In branchial arches LacZ-positive cells
Copyright q 1997 by Academic Press. All rights of reproduction in any form reserved.
AID DB 8759 / 6x31$$$182 11-06-97 22:41:00 dba
175Myf-5 Transgene Expression in Chimeric Mouse Embryos
FIG. 1. Schematic representation of Myf-5 YAC (A) and strategy to generate M5-YAC-95 and M5-YAC-45 by B1-element-mediated
random truncations (B and C). The positions of yeast selection markers, the neomycin resistance gene, and LacZ are highlighted by boxes.
were restricted to the muscle-forming mesenchyme (Figs. 95 ES clones was also observed in the head and spinal cord of
the mouse chimeras (Fig. 4). Sections through these regions3E and 3F). Taken together, these results indicate that 45
kb upstream of the Myf-5 gene together with the gene body illustrate that cells of cephalic mesenchyme and bilateral
domains in the prospective hypothalamic region express theand 500 kb of 3* ¯anking sequence are suf®cient to direct
correct spatiotemporal Myf-5 expression in somites and transgene in addition to cells in spinal ganglia (Figs. 5A±
5C, 5F, and 5G). We noted that these neuronal domainsbranchial arches but fail to activate the gene in hypaxial
muscles of the limbs. observed with M5-YAC-95 did not coincide with the de-
scribed expression of Myf-5 in brain and spinal cord (Taj-
bakhsh and Buckingham, 1995; Tajbakhsh et al., 1995). Ac-
Control Elements for Myf-5 Expression in Limb tivity in spinal ganglia has also been observed for the MyoD
Buds Reside More than 45 kb Upstream enhancer-driven transgene and other transgenes which may
of the Gene re¯ect a general competence or promiscuity for foreign
genes in this tissue (Goldhamer et al., 1995). Similar to M5-To search for cis-regulatory elements driving Myf-5 ex-
YAC-45, the expression of M5-YAC-95 in branchial archespression in limb buds, M5-YAC-95 was introduced into ES
and somites was appropriately limited to mesenchymalcells which were then used to generate chimeric mice as
muscle precursors and myotomes, respectively (Figs. 5D±described above. LacZ staining of YES-95-derived embryos
5F). Sections through the limb buds also con®rmed that theat midgestation (E10±12) revealed that the inclusion of ad-
transgene was correctly activated in the ventral and dorsalditional 50 kb of 5* upstream DNA resulted in the correct
premuscle masses of fore- and hindlimbs (Figs. 5F and 5G).activation of the Myf-5 gene in all muscle-forming regions
including the limb buds (Fig. 4). Thus, the complete expres-
sion pattern of the Myf-5 gene in all muscle-forming regions
DISCUSSIONof mouse embryos requires DNA elements that are located
far upstream and could therefore only be detected on YACs.
The onset of transgene activity in myoblasts of fore- and Previous attempts to generate the endogenous Myf-5 ex-
pression pattern with transgenes driven by a 5.5-kb 5*-hindlimbs at E10.5 and 11.5 (Figs. 4A and 4B), respectively,
agreed well with the timing of the endogenous Myf-5 gene ¯anking fragment containing the proximal Myf-5 promoter
yielded activation in visceral arches and late expression in(Ott et al., 1991). The downregulation of Myf-5 transcrip-
tion observed in myotomes in rostrocaudal direction was myotomes (Patapoutian et al., 1993). This fragment failed,
however, to direct the timely onset of Myf-5 transcriptionalso visible for the transgene, although b-galactosidase ac-
tivity is obviously more stable than Myf-5 mRNA which in early somites and any transcription in hypaxial muscles
of limb buds. Our experiments with reporter constructs con-partly obscures this phenomenon (Figs. 4B and 4D). LacZ
expression of variable intensity among different M5-YAC- taining the same intergenic fragment between the MRF4
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and Myf-5 genes plus 7 kb of the 3*-¯anking sequence in- transgenic mice with a relatively short 5*-¯anking fragment
of the MRF4 gene (Patapoutian et al., 1993). Notably, how-cluding the Myf-5 gene body gave similar results (unpub-
lished observations). However, in our hands even the somi- ever, the correct early and transient expression of MRF4
in somites has not been recapitulated with the constructstic expression appeared incorrect because it expanded into
dorsal dermatomal cells. Here, we demonstrate using YAC described so far. While these observations argue that late
MRF4 expression may be independent of the distant regionstechnology that the correct myogenic Myf-5 expression pat-
tern is faithfully recapitulated with approximately 600 kb identi®ed here, its activation in somites may require control
elements which are in common for both the MRF4 and Myf-of DNA surrounding the Myf-5 locus. Our results and the
experiments published by Patapoutian et al. (1993) suggest 5 genes. Experiments to delineate individual or common
effects of the studied regions on the MRF4 and Myf-5 genesthat essential cis-regulatory elements for Myf-5 expression
in branchial arches appear to reside relatively close to the are underway.
Epaxial myotomal muscles and hypaxial muscles in thegene, probably within the intergenic sequence. In contrast,
more remote regions are apparently required for cell type- limb buds develop from different somitic origin and under
different in¯uences by surrounding tissues. While sta-speci®c and correct temporal activation, maintenance, and
downregulation of Myf-5 in somites. Presently, we are un- tionary cells in the myotome express Myf-5 as soon as
they arise, probably supported by notochord, neural tube,able to formally distinguish between the contribution of
the 500-kb-downstream and the 45-kb-upstream sequences and surface ectoderm, migratory muscle precursor cells
derived from the lateral dermomyotome begin to tran-¯anking the Myf-5 gene. Based on our preliminary results
and those by others (P. Rigby, personal communication), scribe Myf-5 only after they have reached their destina-
tion in the limb buds. These cells follow the myogenichowever, the immediate downstream vicinity of the gene
(about 4 kb) does not seem to have an effect. It is worth fate independent of axial structures. It is in keeping with
this notion that distinct DNA regions seem to controlnoting that despite the large size of the YACs the demon-
strated expression of Myf-5 in neuroepithelium of neural Myf-5 activation in these two separate cell populations.
Crucial cis elements required for Myf-5 expression intube and brain was not reiterated in our chimeric mice (Taj-
bakhsh and Buckingham, 1995; Tajbakhsh et al., 1995). In- limb buds are located unexpectedly far away between 45
and 95 kb 5* distant to the gene.stead, we observed ectopic expression in cephalic mesen-
chyme and spinal ganglia. Whether this was due to integra- Although our results indicate that a separate cis-acting
control region which is distinct from the regulatory regionstion effects of the YAC DNA or still lacking control regions
awaits further investigation. driving expression in somites and branchial arches directs
Myf-5 expression in limb buds, we presently do not knowIt is interesting to remember that targeted mutations
within the MRF4 gene have more or less severe cis effects whether it can do so independently of the other control
elements or only in conjunction. It is also unclear whetheron the downstream Myf-5 gene which may argue for the
importance of sequences in the MRF4 gene itself or even the two control regions for somite and limb expression re-
spectively respond to different signaling cascades orfurther upstream regions acting beyond the MRF4 gene and
possibly other unidenti®ed genes (Braun et al., 1995; Yoon whether the same signals are used in the context of both
muscle-speci®c Myf-5 gene activations. The available evi-et al., 1997). Although this problem has not been addressed
here, the requirement of remote 5* regions for proper Myf- dence makes two separate signaling pathways more likely.
Since Myf-5 expression in limb buds depends on an addi-5 expression is compatible with the idea of a more general
locus control region which may be sensitive to sequence tional region which is not necessary in somites, we consider
it also rather unlikely that a repressor activity prevents Myf-alterations within the locus, as was observed in MRF4
knock-out mice (Floss et al., 1996). Alternatively, gene-spe- 5 gene expression in the dermomyotomally derived migrat-
ing limb muscle precursor cells until they reach their ®nalci®c enhancers may also be present and located far up-
stream. The developmentally regulated expression of the destination. Although it will be a future challenge to clarify
the nature of the essential regulatory elements of the Myf-MRF4 gene has been documented in many muscles of
FIG. 4. b-Galactosidase staining of E11.5 (A) and E 12.5 (B to D) chimeric embryos derived with M5-YAC-95 ES cells. Lateral view (A
and B) illustrates transgene activity in all muscle-forming regions including the limb buds. The expression domain in the head appeared
variable in intensity among different embryos. A dorsal view reveals LacZ signals in bilateral domains of the spinal cord (C). D is a
magni®cation of C to better depict the expression in fore- and hindlimbs.
FIG. 5. Transverse sections through E 12.5 M5-YAC-95 chimeric embryo. Sections are depicted in anteroposterior direction. A to C
shows LacZ activity in the brain con®ned to cephalic mesenchyme (A and B) and bilateral domains underlying the cerebellum at the eye
level (C). D and E illustrate the expression in visceral arch mesenchyme, and F and G show the expression in myotomes and the dorsal
and ventral premuscle masses in the limbs. Also note the expression in dorsal root ganglia but not in the neural tube. Due to the slightly
sagittal level of sectioning, the signal apparently in the neural also represents the spinal ganglia and not the neural tube (G). cm, cephalic
mesenchyme; fb, forebrain; hb, hindbrain; ey, eyes; nt, neural tube; ba, branchial arches; ht, heart; my, myotome; ¯, forelimb bud; hl,
hindlimb bud; so, somites.
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